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I. INTRODUCTION

An analysis of a SNAP-8 Electrical Generating System, based on test
pgrfermance-of unmodified -1 PCS components, was performed to determine
(a) that a net electrical output of 35 kw can be obtained; (b) what are
the system flow rates, pressure and temperature values required to obtain
35 kwe output; and (c) that component limitations are not exceeded.

Estimates of overall system weight and projected areas of the HRL
and L/C radiators were also made as additional useful information for

this study.

IT. SUMMARY OF RESULTS
The regults'of the analysis show that 35 kwe net output can be obtained
from a system comprised of unmodified -1 PCS components when cembined with
current resctor and representative space radiator design data; - The 35 kw
electrical output can be obtained at conditions resulting from operatien
at the limits of the reactor outlet temperature without vielating any of
the' component or system limitations. The system pressures, temperstures
and flow rates for operation at the upper limit of the reactor outlet
temperature are presentg@ in Figure 1. Figure 1 also conteins tebles which
present system heat balance; electrical power balance and. general system
performance. Similar data f@r'cperation at the lower limit of the reactor
cutlet tempersture are presented in Figure 2.
A heat balance for the lubrication/coolent loop, which is applicable
to both the upper and lower temperature limits, is presented in Table T,
As indicated in Table I, the lubrication/coolant space radiator must reject

22,2 kw of heat.
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A weight summary is presented in Table II, showing a total system
weight of 9963 1b. The weights listed are based on the following:
a. The most recently published weight data for the nuclear
system.
b, Measured weights of unmodified -1 PCS components to the
extent that they are available. For the boiler, design calculations of
the tube-in—tuﬁe boller were used. For certain other components, which
have not yet been fabricated, such as expansion reservoirs, weight estimates
were obtained from documented design data.
c. Previously completed analytical studies of HRL ané-L/C
radiator assemblies, including estimates for shrouding and insulation.
Such studies were made for cylindricael configurations radiating from the
outer surface only. The HRL radiator was based on a heat rejection of
425 kw. The L/c radiator was corrected for an increase. in heat rejection
of from 20.1 to 22.2 kw,. |
The projected areas of the HRL and L/C radiators are presented in
Table III. The HRL radiator ares of 1100 ft2 and the L/C radiator area
of hil ft2 are based on cylindrical shaped radiators designed to rejeét
heat from the outer surface only.
ITI. CONCLUSIONS
l.' The results of the performance show that 35 kwe net outpgt can
be produced by a system utilizing unmodified -1 components without exceeding
the -1 component limitations.
2. Improvement in the performance of the -1 turbine cen be expected

as & result of two factors:



8. Design changes, which are being incorporated in all future
-1 turbine assemblies, are expected to result in an improvement in turbine
eff?ciency of approximately two percentage points at all reasonable values
of liquid carryover. The design modifications include a reduction in leakage
flow across the thrust balance seal, a reduction in leakage across the first
and second stage nezz;e vanes, and a reduction in leakage across the inter-
stage diaphragnm labyrinth seals.

b. c§lculations for the analysis were based on the first stage
nozzle operating éhoked. Subgequent re-evaluation of RPL-2 test data indicated
choking occurred in a later stage. A correqunding vapor flow rate adjustment
indicates an increase -im turbine efficiency of approximately two perqentage
points. The c@mbined effect of the above factors indicates a - turbine
efficiency of 59% with 2% liquid carryover from the boiler as compared to
55.5% used in the analysis. This change in efficiency will yield an additional
4 kwe output if system flow rates are unchanged; if the system were rebalanced
to maintain 35 kwe output, a significant reduction in system flow rates and
reactor power would result.

3e The weight data given in Table II are based:largely on existing
developmental components for which no weight reduction program has heen under-
tﬁken. A weight and performance improvement study, now being conducted, will
provide the best evaluation of the SNAP-8 EGS flight weight. A significant
improvement potential is expected.

IV, GENERAL ASSUMPTIONS

The analysis of the system using -1 components was based on several
ground rules and general assumptions which are briefly listed below.

_ A. Component performance te be based on data of units tested to dste.
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B. Tube-in-tube boiler to be‘used with performance based on design data.

C. Liquid carryover from the boiler of 2% of the mercury flow rate under.
all opersting conditions.

D. The only system perturbation to be considered was the affect of NaK
temperature variations resulting from operation of the reactor temperature
deadband control.

E. Operation in an earth orbit with a cylindrieal radiator exposed to

maximum solar and earth heat fluxes. (Sun operation)
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V.. COMPONENT AND SYSTEM PERFORMANCE DATA AND RELATTONSHIPS

A.  BOILER
The tube-in-tube boiler considered for use.in the system consists of
seven tubes, each 30 ft in overall length with & 5 ft plug section.
The boiler performance is based primarily on information contained in
T™M: 4803:65-2-223, "SNAP-8 Tube-in-Tube Boiler Design Analysis", dated February 1965.

The overall pressure‘drcp, on the mercury side, was obtained from the following

eguation:
2
AP =[ W_, 27.3 + 0.TAT :l (Ps1)
Biot BGy ot l: FP
11500

This eguation is based on data presented in the referenced TM. The equation for
the pressure drop in the liquid, or preheat, section of the boiler was based on

data obtained after the issuance of the referenced TM and is as follows:

2
(ps1)
HGt@t

11500

ZZSEE&. = 17( W

Additional boiler performance values were obtained by assuming a
constant terminal temperature difference of 30°F between NeK entering the boiler
and mercury leaving the boiler. A minimum pinch-point temperature difference of
30°F was assumed as a‘limiting conditien.

The boiler was assumed to operate with 2% liquid carryover for all
conditions under consideration. Only thé vapor portion of the total mercury flow
rate was considered in determining the heat requirements for boiling and superheat

rggions. A graph of boiler performance, presented in Appendix A, page A-l, was

«5e



‘prepared from which primary loop NaK flew requirements can be determined for
various mercury flow rates and pinch-peoint temperature differences at the NaK
inlet temperatures of 1330°F and 1280°F.

The equation for prgssure dgep on the NaK side of the boiler was

.alculated to be LDP. = 1.5 "5 )" (ps1)
¢ A By *2\KB100

B. BOILER TO TURBINE VAPOR LIRE
The pressure drop relationship in the vapor lige between the boilér
outlet and the turbine inlet was based on calecunlated values for losses in the
line and the filter at the turbine. These values were generally confirmed'by
- test results in RPL-2 and PCS-1l. A pressure drop of approximstely 6 psi was
obtained for the line loss at a flow rate of 11750 lb/hr. A pressure drop of
from 3 to 5 psi was obtained for the turbine inlet filter. Therefore, the

following relationship was used for line and filter pressure drop:
. 5

ZCS EGtet
Ppp = 10\ 17755 (Ps1)
AAconstagt temperature drop of 10°F was assumed bgtween the boiler outlet and
turbine inlet for all operating conditions.
C. TURBINE ASSEMBLY

Performance of the unmodified -1 turbine assembly was based on tests
conducted inARPL-E. The results of these tests indicated that a substantial -
amount of liquid carryever frem:the boiler existed. The method for determining
the amount of carryover is discussed in memorandum 4%933-65-1k1, "Liquid Mercury

Carryover", dated 19 August 1965. This memorandum is reﬁrodnced in Appendix A,

B
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pages A-2 and A-3. The results qf this data analysis were used to determine the
turbine efficiency when operating on dry vapor and the effects of varying amqunts
of liquid carryover on turbine effiéiency. A plot’sh@ﬁing the effects of liquid
carryover on turbine efficiency was prepared on 17 August 1965 for the type of
turbine tested in RPL-2. This plot, presented in Appendix A, page A-L, indicates
& tﬁrbine—efficiency of 57% when operating on dry vapor and an efficiency of
55.5% when operating en vapor with 2% liquid carryover.

The constant (K) in the turbine nozzle equation, Wﬁgv = K PAT,
was determined to be 1950 for the turbine tested in RPL-2. The next turbine
assemblies will have a 5% area increase for all turbine nozzle stages; therefore,
.4 ; 2050 was used in the system analysis.

The turbine nozzle constant, K = 2050, is based on the area of the
first stage nozzle. Using this nozzle constant throughout the system analysis
assumes that the first stage nozzle controls flow through the turbine. Although
the results of RPL-2 tests indicate that the first stage nozzle does not operate
choked, the use of the first stage nozzle constant will give acceptable results
over a limited flow rate range.

Bearing and slinger losses associated with the turbine assembly have

been determined from TAA tests to be 1.66 kw.

Losses in the space seals associated with the turbine-slternator

T

assembly have been determined to be 1.56 kw,

D. CONDENSER
The performancé of tié -1 condenser has been determined to & limited
extent by testing to date but h&s not been shown conclusively. Therefore, per-
formance was estimated on the basis that the condenser operating point would be

==



in the region of high heat transfer effectiveness for both condensing and sub-

cooling. The condenser terminal temperature differences can then be taken as

follows:
T - P = 10°F and
HGry NeK oop
T - T = 20p
HG gy NeK. .

A condenser pressure drop of 1 psi may also be expected under the conditions of

high heat flux. Both the terminal temperature differences and the pressure drop

can be assumed to be constant over the range of conditions under investigation.
A constant pressure drop of 0.5 psi, between the turbine exhaust and

the condenser inlet was assﬁmed for the operating conditions investigated.

E. ALTERNATOR ASSEMBLY

| Performance of the alternater assembly was determined by component
tests conducted on the preteﬁype alternator. The results of these tests are
shown on curve number h832-65-00011,>"Alternater Performance”, dated 2-24-65
which is £eproduceq in Appendix A, page A-5. r

The bearing and slinger lesses'associated with the alternator assembly
have been determined to be 2.5 kw as a result of component tééts.

A@diﬁianal mechanical and electrical loéses_were determined to be
7.0 kv with an alternator load of 54.5 kv and a power factor of 0.625. The
7.0 kw value includes 1.0 kwrfor alternator field power.

An allowable alternator output of approximately 87.5 kva 'is presently
estimated to be a conservative limit for extended operation. Previous information
indicated that 92 kva may be é'permissible value but the tests, from which this
data was obtained, were of short duration (30 minutes or less) and may not be

valid for long term operafien.
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F. ELECTRICAL CONTROLS POWER REQUIREMENTS

Power requirements for the speed control compoﬁents have been
determined to be~approximat£iy 800 to 900 watts from the results of tegts en
=X hardware. A value of 1 kw was used in the system analysis.

The minimum parasitic load power required for speed control was
determined to be approximately 3 kw from the results of testS»cendueted:ﬁith
;X hardware. It is expected that design refinements can reduce this value to-
1.0 or l.Sikw.' A value of 1.5 kw was used in the system anslysis.

The results of tests conducted in RPL-2 indicatea that electrical

output variations of approximately 3 kw can be expected from system pressure

fluctuations at the turbine inlet. Therefore, an additional 3.0 kw Wwas allowed

for powér stability considerations.

The total electrical controls power requirements (PLR + SC) was,
therefore, assumed to be 5.5 kw with a power factor of 0.35 for all operating
conditions.

Heat losses in the transformer-reactor reactor assembly are presently
estimpted to be not greater than 1.0 kw.

G. HRL-RADIATOR PERFORMANCE

Radiator performance was based on the last SNAP-8 radiator design for
the reference system. A cylindricel radiator was designed for operation in a
500 nmi earth orbit at the follewing conditions:

Heat rejection rate k25 kw

Rated flow 39300 1b/hr



Inlet temperature 665°F

Emissivity 0.90

Absorptivity 0.k0
Tpe radiator consisted of 130 tubes which would have equal-heat.rejectioh and
equal NaX flow rate. Therefore, the performance curves can bhe used to approximate
typical radiators with different heat rejection capabilities by varying the
number of tubes., Radiator performance over a wide range of operating conditions
was shown on a graph entitled, "SNAP-8 Farth Radiator Performance", dated 8-13-6L
which is presented in Appendix A, page A-6. Only operation in the sun was con-
sidered for the analysis of the -1 component system.

H. FPERFORMANCE OF SYSTEM PMA'S

1. Primary NaK-PMA

Performance of the NaK-PMA operating in the primary loop was
based on data obtained during tests in ILNL-3 and corrected for operation at the
expected fluid temperature in the primary loop. The resultant PMA performance
is shewn in curve number 4932-65-00042, dated 8-3-65 (see Appendix A, page A-T).

The values of head and capacity obtained from the pump performance
cgrve were‘genverted to pressure rise and flow rate values by using the following
equations:

AP = .31T54H (PsI)
Wy = 367Q . (1b/nr)

The motor power factor was obtained from cﬁrve'number 4L832-64-00179,

dated 18 February 1965 which is based on in-air tests of the motor. This curve is

presented in Appendix A, page A-8.
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2. HRL-PMA
Performance of the NaK-PMA operating in the heat rejectien loep
was based on data obtained during tests in INL-3 aﬁd corrected for operation at
the expected fluid tempersture in the loop. The resultant FPMA performance is
shown in cufve number h932-65§oe@35A, dated 7 August 1965 (see Appendix A, page A-9).
The values of head and capacity obtained from the pump perfermamce'r

curve were converted to pressure use and flow rate values by using the following

equations:
AP = +3525 AH (Ps1)
YRR, = LoTq (1b/hr)

The motor power factor ferlﬁhe HRL-PMA was also obtained from
curve number h832;6h;00179.
3.  Mercury-FMA
Performance of the MPMA was based on comporent tests of mercury
PMA, S/N Al as shown on curve number h832~65;®00®7, dated 6 April 1965 (see
Appendix A, page A~10).
The values of head and capacily obtained from the pump performance

curve were converted to pressure rise-and flow rate values-by using the following

eguations:
AP = 5.61AH (ps1)
W = 64809 (16/nr)
Egtot

The power factor for the motor was obtained from curve number

h832-6h-0@18@, dated 18 February 1965 (see Appendix A, page A-11).

11~



r

k., L C-PMA

Performance of the L/C~PMA was based on data obtained from
component tests of four units. The resultant -awerage PMA performance is shown
in curve number 4932-65-00038, dated 18 July 1965 which is reproduced in
Appendix A, page A-12.

Tﬁe~m@ter power factor was obtained from curve number
h832;65-00006, dated 18 February 1965 (see Appendix A, page A-13).

I.. SYSTEM LOOP DATA

l. Primary lLoop

The pressure drops in the primary loep may be defined as those
existing in the reactor, the boiler and in the loop piping. The following
relationships were used to insure that‘pump capability would not be exceeded

for any required flow rate:

: ' . ) 2 .
APy = A.B('WN ' (PSI) - based on data used for
X INTERFACE 1300 Ref. Sys. 'E', Dwg

No. 090122
W, 2 A
lxpPIPING 9.6 (~1§oe,) (?SI) -~ based 6@ data used for
A Ref, Sy3¢ 'E'
AP W 2
BOILER = 1.5 N (PSi) - based on data presented

k8100 in TM:4803:65-2-223-

The limiting flew rate for the primary loop was determined to be

51500 lb/hr by finding the intersecti@n of the pump perf@fmgnce curve and the

system pressure drop curve. A plot showing this intersection point is presented

in Appendix A, page A-lh.
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Absolute pressure levels in the primary loop are determined by
the following limitations: (a) pressure in the reactor must not exceed 50 psia
or be less than 35 psia when the NaX temperature is 1300°F or above, (b) PN-PMA
inlet pressure should not be less than the pump net positive suction pressure of
16.5 psia. A margin of 3 psia above the minimum value for the reactor was used in
defining the loop pressure level. This value, however, is subject to some vari-
ation vhich may depend on the operating characteristics of a flight expansion
reservoir.

2. Heat Rejection Loop

The pressure drops in the heat rejection loop may be defined as
those existing in the condenser, the radiator and the loop piping. The following

relationships were used to determine the pump requirements:

_ 2
AP = 4,0 wﬁRL (PSI) - based on estimated pressure
COND 39500 .
drop for modified -1
condenser
W A3
A Pead = 18,.8( HRL _ x 130 (PSI) - based on 425 kw ref. sys.
39300 radiator, where n = no. of
radiator tubes
2
W , .
AP =TT HRL (PS1) - based on data used for
PIPING 31800 g

Ref. SySo 'E'

The limiting flow rate for the heat rejection loop was determined
to be 46500 1b/hr by‘finding the intersection of the pump performance curve and
the system pressure drop curve. The system pressure drop curve is based on the

assumption that radistor pressure drop would remain nearly constant with chahges

-]_j.
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in flow rate. The flow number of radiator tubes would be varied in proportien
to the flow rate so that the flow rate and héat rejection per tube~wapldvremain
cons;antf A plot showing the intersectlion of the pump pefformance curve and the
system pressure drop curve is presented in Appendix A, page A-1h,

Absolute pressure levels in the heat rejection loop are determined
by the minimum HRL-PMA inlet pressure of 13.5 psia. This value is determined from
the NPSH requirement indicated on curve 4932-65-00035A, dated 7 August 1965 (see(
Appeadix A, page A-9). A margin of 5 psia above the minimum value was &ssumeﬁ.iﬁ
defining the loop pressure level. This Valﬁe, however, is subject to some vari-
ation which may depend on the cperating charaeﬁeristics'of a flight expansion
reservoir.

3. Mercury Loop

The line losses between the condenser outlet and pump inlet is
less than 0.l psi agd éssumed negligible. Elevation heads were not considergd
in the system analysis.

The pressure drop betwe;n the pump outlet and boiler inlet will
be determined primarily by an orifice or trim valve. The pressure drop value
wag determined at the'law flow rate value and was then assumed to be proportional

to WH 2 for other operating conditions.
G

b L/C Loop
Since L/C flow reqnireﬁents have not been firmly established
for all components, a flow rate of approximately 8000 1b/hr was assumed to determine
PMA electrical réqpirements. These requirements were assumed to be constant for a;l
éperating conditions considered. The component heat losses which must be dissipated
in the L/C loop are éummarized in Table I. The resultant haa£:£;3;cti®n rate for

the L/C radiator is 22.2 kw.
<1l



I. HEAT

IT. HEAT

TABLE T
1L/C LOOP - HEAT BALANCE

INPUT

TAA Space Seal

TA Bearings & Slingers

TAA Alternator

MPMA Space Seal

MFMA Motor Losses

PN-PMA

ERL-PMA.

1/C-PMA

Transformer-Reactor Assembly

REJECTION

L/C Radiator

1.56
1.66
9.50
1.07
1.57

2.53
1.92

1.h3

1.00

8-27-65

e2.2 Xw

22,2 KW
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TABLE II

EGS WEIGHT SUMMARY

Based on the unmodified -1 components. 'This is not the reference system.

I. NUCLEAR SYSTEM 271k 1b.
Beactof 566
Shield 1930
Miscellaneous 189
NaK Inventory 29

II. POWER CONVERSION SYSTEM 4183 1b.

A. Primary NeK Loop 896
Pump Motor Assembly 161
Parasitic Load Resistor 60
Boiler (Tube-in-Tube) 277
Startup Heat Exchanger 20
Expansioﬁ Regervoir 13k
Piping and Miscellaneous b2
NaK Invente;y\ 202

B. Mercury Loop 1248
Turbine-Alternator Assembly TOL
Pump Motor Assembly 175
Condenser - 92
‘Injection System 86
Piping and Miscellaneous 59
Mercury Inventory | 135

C. Heat Rejection Leop 290
Pump Motor Assembly 162
Expansion Reservoir 37
Piping and Miscellaneous 24
NaK Inventory 56'

Auxiliary Start Loop 11



Page 2 of 2

8-27-65
D. Iube/Cool Loop 179
Pump Motor Assembly 26
Expansion Reservoir 35
Piping and Miscellaneous 38
4P3E Inventory 80
E. Electrical System 960
' Start Programmer 15
Control Assembly - Low Temperature 107
Transformer-Reactor Aséemhly 307
Inverter Assembly 316
Battery Assembly 140.
Harness Assembly 60
Miscellaneous 15
F. PCS Structure 610
ITI. RADIATOR ASSEMBLY 3066 1b.
A. HRL Radiator Assembly 2147
Radiator 15k3
Shroud and Insulation 482
Piping 32
NeK Iaventory 90
B. IL/C Radiator Assembly 919
Radistor 630
Shroud and Imsulation 220
Piping 18
Inventory 59
TOTAL 9963 1b.

NOTE: Weight estimates are based on:

l. HRuclear sttem: ‘Atomics-International SNAP-8 Progress Report,
NAA-SR-11092, dated 15 June 1965.

2. Power Conversion System: Measured weight of ummodified -1 PCS
components, where possible, For certain components (e.g., expansion
reservoirs), weight estimates were derived from decumented design
data.

3. Radiator Assembly: Analytical studies on cylindrical radiator
configurations. The L/C radiator was corrected for an increase in
heat rejection frem 20.1 to 22.2 kw. ‘
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TABLE ITT

RADIATOR PROJECTED AREA

HRL Rediator 1100 ££°

L/C Radiator 311

Potal 1511 £t2
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4922-65-0021 8-25-65
SNAP-8 EGS PERFORMANCE
BASED ON UNMODIFIED -1 COMPONENTS >

‘o—-250°F
UPPER TEMPERATURE LIMIT FROM REACTOR b
| I
L/c I=)22.2 K,
PCS POWER BALANCE IRag/
i
HRL Radiator Lyl 0 kwt -,-
-]
L/C Radiator 22.2 4—'._-210 F
Line and Component)_ Pri. 6.0 4
Losses )" Hg. 1.0 ~1 kwt Mercury Loop 1290°F
Electrical Power to “.Heat Loss 240 psia
Vehicle 35.5
508.7 6 kw, Primary Loop
A Heat Loss —» 12,000 1b/hr ALT
ELECTRICAL POWER BALANCE —> 46,000 1b/br 6730F
Alternator Output 54,0 kwe 14.5 psial
1332°F*_~ 1330°F| , o 660°F
Loads 38 psia 35.3 psia ._ggob'F i §70°F 660°F 37.9 peia
Vehicle Load 35.5 P 4.0 osial 43,4 psia
PCS Controls 1.0 -Y peia
Parasitic Load: Min. Resid. 1.5 -3 41,500 1lb/hr
Pwr. Stability 3.0
PN-PMA +e3 510 kw, | prIMARY 209 kw, MERCURY HEAT REJECTION 2 1
HRL-PMA bk LOOP LOOP LOOP Lk kw,
MPMA 2.86 REACTOR BOILER COND RAD,
L/C - PMA 1.43
53.99
1152°F 1150°F  500°F Lo1°F 4L88eF
TAA PERFORMANCE 43.2 psia}‘ 36.7 psia "{335,6 peia  13.0 psia 19.1 psia
P 66.0 k
Turbine Power 6 Wy | 18.5 peia
TA Seal and Bearing Loss 3.3 kw ' |
Turbine Efficiency 55.5 % 1150°F[ | [
Alternator Efficiency 86 % 67.3 psia 8.2 peia gg:a 15.0 psia
SYSTEM PERFORMANCE
Reactor Power (to PCS) 510 kw, Notess
System Efficiency 6.9 %
1. Performance shown is based on test results 3. Boiler liquid carryover of 2% is assumed.
of unmodified -1 components obtained prior
to July 1965. Turbine design changes now L, Operation in 300 nmi earth orbit with
in process are not accounted for. This is maximum sun and earth heat load is assumed.

not the reference system.,

2. Boiler performance based on tube-in-tube

design. Figure 1



PCS POWER BALANCE

HRL Radiator
L/C Radiator

Line and Component) Pri.
Loss )" Hg.

Electrical Power to
Vehicle

ELECTRICAL POWER BALANCE

Alternator Output
Loads

Vehicle Load

PCS Controls

Parasitic Load Min. Resid.
Pwr. Stability

PN-PMA

HRL-PMA

MPMA

L/C - PMA

TAA PERFORMANCE

Turbine Power

TA Seal and Bearing Loss
Turbine Efficiency
Alternator Efficiency

SYSTEM PERFORMANCE

Reactor Power (to PCS)
System Efficiency

54.8 kw

W

Ld

FEUW RO
L ]
N FwWowuow

\n
:Q'pm
o Jo o
£ 00 »
O\

67.1 kw
3.3 kw

55.5 %
86 %

531 kwt
6.8 %

L922-65=-0022 8-25-65
SNAP-8 EGS PERFORMANCE >
BASED ON UNMODIFIED -1 COMPONENTS _[~=250°F
I
LOWER TEMPERATURE LIMIT FROM REACTOR l1/c Iy
IRadJ 22.2 kwt
L
l [-]
« [*—210°F
~ 1 kw_ Mercury Loop :
Heat Loss 1240°F
6kw, Primary Loop 248 psia
Heat Loss
»n\ —> 12,600 1b/hr AL
- 689°F
~> 46,000 1b/h 16.8 psiaL“*
1282°F 1280°F o
1250°F €77°F 37.9 psia
38.0 psial—* 35+3 psia}" '—4259.5 peia 687°Fi——a [43.4 psia
1603 pSia |
—> 41,500 1b/hr
531 kwt 530 kwt
PRIMARY MERCURY HEAT REJECTION 561 kw
REACTOR Loop BOILER Loop COND Loop RAD, v
{ ‘
1095°F 1093°F Lg8eF °
L3,2 psia r* 36.7 psia 47.8 psia I ggiﬁ gg?lrgsia
} 18.5 psia

1093°FI
67.3 psia

Notes:

l., Performance shown is based on test results
of unmodified -1 components obtained prior
to July 1965. Turbine design changes now
in process are not accounted for. This is
not the reference system.

2. Boiler performance based on tube-in-tube
design.

|
38.2 psia 1504 psia 115-3 psia

3. Boiler liquid carryover of 2% is assumed.

4, Operation in 300 nmi earth orbit with
maximum sun and earth heat load is assumed.

Figure 2



APPERDIX A

REFERENCE MATERIAL

The cempencntnperfarmgnce‘reference material used as the basis of
the system analysis is presented herein, except for technical memorandum.
The reference material represents the latest information obtainsble from
the various design groups and is not necessarily formally released infor-
mation. Chgnges in the component performance values may be made when

] 1

imformatioﬁ is formally released.
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S| AERGIST-AENEAAL COBARAATION

INTER-OFFICE MEMD
10-007-102
TO: Distribution DATE: 19 August 1965
49335-65-141 sJRH 0P
FRQM! l’. uu mgsm
SUBJECT: Iiguid Mercury Carryover
DISTRIBUTION: E. 8. Chalpin, M. G. Cherry, E. Eber, L. B. Kelly, A. H. Kyeeger,
R-‘ Gi . c. So M P- In WOOG., Go Qiye, ca Go me
Enclogure: (1) Iiquid Mercury Cerryover, RPI~2, ~1 Boiler

k953 :65-321 curve

The method used for determining the mgnitude of liguid mercury carryover
is by taking the ratio of the vapor flow rwte to the liquid fiow rate. The
difference from unity of the ratio indicates the liquid carryover. This method
works well for messuring the difference in carryover between one flow rebe and
another. However, for determining absolute magnitudes of carryover, the method
is limited in accwracy due t0 instrumentation limitations.

The instrumentation limitation eancountered in mezsuring carryower erises
from the fact that only small differences between vapor and liquid flov rate
are being measured. Whereds changes in the quancity of ecerryover can be msasured
with relative accwracy, sbsolute wvalues are less accurate due to Iastrurentation
offsets. This is demmstrated by the dotied curve of the enclosurs., The dotted
curve is a statistically aversged curve tarough the datum points shown (Reference:
Memo 4921-65-0025). The curve is seem to asymptotically approach a flov rate
ratio of 1.07 as the flow rate approaches zero. This is physically impossible
since the vapor flow rate camnot exceed the ligquid flow rate. The shape of the
curve is assuued to be correct with the 7% excess flow rate ratio deing attributed
40 an offset in the imstrumentation.

A corrective procedure has been applied to the staetistically-derived curve
to adjust its values so as to make absolute magnlitudes of liquid carryever more
accurately obtainable. The sssumptions have been made that the flow rete ratic

i8 essentially unity at low flow rates (<« 6000 1b/hr} and that the upwerd-shift

of the curve is due to an instrumentation offset. The corrective procedure has
been to apply an assumed instrumentation offset to the entire lemgth of the
statistical cwrve. The epplied offset patwrally causes a greater percentage
chance in the curve at low flow rates than it does at high {low rates.. Conse-
duently, encther variabdble is imtroduced in that a decision must be mede with
redipect to the chcice of flow yate at which the gasumed offset will Just ahift

the statistical curve to appreech wiity., Inasmich es the lowest flov rate at which
significant amounts of dsta are available is 6000 ib/hr, this flow rate was chosen
a5 the point of normalization. The offset was celected s0 as 10 give a flow rate
ret10o of 0.995 st 6000 1b/hr. The same offset vas thenm applied over the lemgth
of the curve,

The 8013d curve of the emclosure shows the resulting modified stabistical
curve. This curve represents the best esxryover dats presently avallable.

b

J. N. on
‘Beat Exchsnger Secticm
SHAP-8 Division
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APPENDIX B

SAMPLE CALCULATIONS FOR SYSTEM ANALYSIS

A set of system calculations is presented to illustrate the
procedure used in determining the values shown on the SRAP-8 EGS
Performsnce Diagrams which are based on the performance of unmodi-

fied -1 compoenents.
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